The variegated cutworm, Peridroma saucia H äubner, is a lepidopteran pest to a large number of crops. This noctuid species, which originated in Canada, the United States, and Europe, is now regarded as a cosmopolitan species. The adults were discovered in Japan in the 1970s. This species is called``nise-tamanayaga,'' which means false black cutworm moth in Japanese, because the appearance of the adult is similar to that of the black cutworm, Agrotis ipsilon Hufnagel, a harmful noctuid species.
1) P. saucia is presumed to be naturalized in Japan, but the distribution areas are still unconrmed. In order to clarify the ecological aspects and damage to the crops, we were interested in the sex pheromone which can provide a convenient method for monitoring the pest. Byˆeld screening with a large number of synthetic chemicals in Canada, Struble et al. have found that the sex attractant for the male moth was composed of (Z )-9-tetradecenyl acetate (Z9-14:OAc) and (Z )-11-hexadecenyl acetate (Z11-16:OAc).
2) We report here that these two compounds were actually produced by the females and that the synthetic pheromone attracted a large number of males in Japan.
Rearing for successive generations was started from eggs of P. saucia which were laid by mated females caught in the mountainous area around Tsukuba in Ibaraki Prefecture. The larvae were reared on a semisynthetic diet including powder of mulberry leaves [Insecta LF(S), Nippon Nosan Kogyo Co.] at 259 C under a 16:8 hr light-dark cycle. The terminal abdominal segments, including the pheromone glands, were removed from about 100 female moths (2 or 3 days old) in the scotophase and soaked in nhexane for 15 min to extract the sex pheromone. This crude extract was submitted to GC (HP 6890 GC System), using a capillary column (DB-23, 0.25 mm ID ×30 m, J & W Scientiˆc). The end of the column was split into two paths (1:1 split ratio), one being connected to a ‰ame ionization detector (FID) and the other to an electroantennographic detector (EAD). 3) As shown in Fig. 1 and measured with a column temperature program of 809 C for 1 min and then 89 C W min to 2109 C, the male antennaeˆxed to the EAD exclusively responded to two components (I and II) in the crude extract of one female equivalent (FE). These components were always detected by the EAD in analyses repeated with other injections of the extract, and no other materials showed constant electroantennographic (EAG) activity. The peak areas recorded by FID indicate that the pheromone gland included I (15 ng W female) and II (50 ng W female) in a ratio of ca. 1:3, while the EAG response for I was stronger than that for II. The retention times of I and II coincided well with those of authentic Z9-14:OAc (13.72 min) and Z11-16:OAc (15.69 min), respectively. Elution of their geometrical isomers was faster than that of the natural components, i.e., ( E )-9-tetradecenyl acetate (13.54 min) and ( E )-11-hexadecenyl acetate (15.51 min).
The pheromone extract was analyzed by GC-MS (HP 5973 MS System, electron impact ionization at The other spectral patterns of I and II were also similar to those of the authentic monoenyl acetates with a C 14 or C 16 straight chain. Another GC-MS measurement of the extract (10 FEs) was carried out, but no other pheromone-like substance that could be considered as a minor component was detected. The double-bond positions of the natural components were determined by a GC-MS analysis of their adducts with dimethyl disulˆde (DMDS), according to the method of Buser et al.
4) The crude extract (10 FEs) was dissolved in a mixture of DMDS (50 ml) and diethyl ether (100 ml), including iodine (500 mg), and warmed overnight at 409 C. After adding a 5z sodium thiosulfate solution (0.5 ml), the crude products were extracted with n-hexane and injected for GC-MS operated under the same conditions as those for the analysis of the extract that had not been treated with DMDS. Figure 2A shows a total ion chromatogram of this measurement. The DMDS adduct derived from I was eluted from the GC column overlapping with an unknown compound, but its mass spectrum at 23.80 min included M + at m W z 348 and fragment ions at m W z 231, 171, and 117, which indicated the double bond at the 9-position of the C14 chain (Fig. 2B) . The DMDS adduct of II was eluted at 26.84 min, and its spectrum evidently conˆrmed the double bond at the 11-position of the C16 chain by M + at m W z 376 and fragment ions at m W z 259, 199, and 117 (Fig. 2C) .
The dose responses of the two synthetic components were measured by the GC-EAD method. The EAG activity of the minor component, Z9-14:OAc, was interestingly about 100 times stronger than that of the major component, Z11-16:OAc, as shown in Fig. 3 . Next, their activity to attract male moths was evaluated in a vegetableˆeld in Tokyo (Fuchu-shi). The chemicals were mixed in several diŠerent ratios and applied to natural rubber septa (8 mm OD, white rubber, Aldrich) that were used as dispensers set at the center of sticky-type traps (30 cm×27 cm, Takeda Chemical Ind.). The traps wereˆxed at a height of 1.5 m in theˆeld in November 2000, and the lures were renewed every two months. The species, sex, and number of every insect captured by each trap were recorded once a week for one year. Table 1 shows the total number of attracted males during four diŠerent periods. Strong attraction of P. saucia males was constantly observed by the mixture of Z9-14:OAc and Z11-16:OAc in a ratio of 1:3, the natural ratio in the gland extract, although another 3:2 mixture was the most successful in attracting males among the lures tested from September 20 to October 11. A number of males were caught in May and June. After a decrease in the attraction during July, another clear population increase was recorded in August. However, male moths were captured throughout the year, even during the winter, indicating the possibility of the adults overwintering in the Tokyo area. In theˆeld tests, other male noctuid pests, Telorta divergens Butler and Mamestra brassicae L., were captured by a single component lure of Z11-16:OAc, as expected from our previousˆeld screening tests. 5) Larvae of T. divergens eat ‰owers of the peach tree, and 45 males in total were captured from December to February by this test. M. brassicae is well known as a harmful cosmopolitan pest to many crops. In total, 322 males of this species were captured from April to October. The main component of M. brassicae pheromone is Z11-16:OAc. The pheromone gland of M. brassicae includes other minor components whose synergistic activity has not been dened. 6) Presumably, trapping by this single-component lure, as shown in Table 1 , did not directly re‰ect the population density of M. brassicae in theˆeld. Comparing this attraction of M. brassicae, however, quite a large number of males of P. saucia (more than 1,500 in total) were captured by the traps. Although P. saucia is not currently regarded as an insect pest in Japan, 7) this result suggests the possibility that P. saucia has already become a harmful pest with an unlimited ‰ight period, at least in the vegetableˆeld used in this experiment, and that damage to crops caused by this species has been confused with that by other noctuid species, especially A. ipsilon. Our future studies with pheromone traps will focus on the habitat of P. saucia in Japan.
We conclude that the sex pheromone of the Japanese strain of P. saucia consists of two components, Z9-14:OAc (minor) and Z11-16:OAc (major). These monoenyl compounds, which might be biosynthesized via the D11-desaturation of palmitic acid, 8) are common pheromone components of many lepidopteran species, particularly the noctuid species. Lepidopteran sex pheromones have been identiˆed for more than 500 species, and one-ˆfth of them belong to the family of Noctuidae. 9, 10) Even though the survey of pheromones is limited in this group, we know that as many as 18 species have Z11-16:OAc as their main pheromone component. Among them, 12 species secrete a minor component(s) diŠering from Z9-14:OAc to attract partners. The sex pheromones of the remaining 6 species include not only Z9-14:OAc but also an extra component(s) to devise an original communication system. Surprisingly, the same simple pheromone system that has been identied in this study for P. saucia has not been reported elsewhere.
